It has been found that N- [a-(piperidinocarbonyl)benzylidene]trimethylsilylmethylamine reacts with unsymmetrical dipolarophiles to give 2,2,4-or 2,2,3-trisubstituted pyrrolidines in the presence of tetrabutylammonium fluoride or trifluoroacetic acid, respectively.
In recent studies on 1,3-dipolar cycloaddition of azomethine and thiocarbonyl ylides leading to pyrrolidine, 2,5-dihydropyrrole, and tetrahydrothiophene derivatives, we and other groups have reported a number of new methods1,2) based on heterolysis of the silicon-carbon bond, explained their regio-and stereoselectivities in terms of frontier molecular orbital theory,34) and described applications to the synthesis of alkaloids bearing a pyrrolidine nucleus.5) In the previous communication, the regio-and stereoselectivities in the 1,3-cycloaddition of N-[a-(piperidinocarbonyl)benzylidene]trimethylsilylmethylamine (1) were clarified in connection with erythrinane alkaloid synthesis.6) The details of these results are the subject of this paper.
The cycloaddition of the Schiff base 1 with olefinic and acetylenic unsymmetrical dipolarophiles in the presence of a catalytic amount of tetrabutylammonium fluoride (TBAF) was found to give 2,2,4-trisubstituted pyrrolidine derivatives via the intermediary carbanion (2b). On the other hand, the reaction catalyzed by trifluoroacetic acid (TFAA), trimethylsilyl trifluoromethanesulfonate (TMS-OTf) or trimethylsilyl chloride (TMS-Cl) methoxycarbonyl group on the newly formed pyrrolidine ring of 5c were assigned to be at the C-3 carbon and cis to the 2-phenyl group on the basis of the 1H-NMR spectrum, which showed a shifted signal (3.06 ppm) owing to the shielding effect of the 2-phenyl group.7 The structures of 5a, 5b, and 5d were then assigned from the following experimental results. The catalytic hydrogenation of 8 afforded two stereoisomers (5a and 5b) with the ratio of 1/2. Compound 8 was estimated to have the methoxycarbonyl group at the 4-position because the methylene protons at C5 of 8 showed ABX coupling at 4.05 ppm (dd, J= 2.2, 8.2 Hz) in the 1H -NMR spectrum. The two hydrogenation products (5a and 5b) were concluded to have 4-methoxycarbonyl groups because both of the stereoisomers were different from 5c, and thus 8 was also determined to have the 4-methoxycarbonyl group. The major hydrogenation product 5b, which has the 4-methoxycarbonyl group oriented trans to the 2-phenyl group, might be obtained by the attack of protons on the less sterically hindered side (phenyl group side). Therefore, the minor product 5a has the 4-methoxycarbonyl group oriented cis to the 2-phenyl group, and the product 5d has the 3-methoxycarbonyl group oriented trans to the 2-phenyl group. Furthermore, the regio-and stereochemistry of 6a and 6b were determined by converting the mixture of 6a and 6b with Me0H-HC1 into 5a and 5b. The structures of 6c and 6d were determined on the basis of the fact that the mixture of 6c and 6d gave a signal pattern (5) (6) (7) (8) (9) (10) similar to that of 6a and 6b in the 13C-NMR spectrum. Compounds 7a and 7b were considered to be 4-substituted pyrrolidine derivatives because the signals of the methyl protons of 7a and 7b were observed at 2.17 and 2.19 ppm respectively, uninfluenced by the phenyl group, in the 1H-NMR spectra. The structure of 9 was confirmed by the 1H-NMR signal of the C-4 proton at 4.07 ppm as a quintet, indicating the presence of three adjacent protons.
Next, the cycloaddition of 1 with symmetrical dipolarophiles such as dimethyl fumarate and dimethyl maleate was carried out. The results are collected in Table III . The reactions catalyzed by TMS-OTf gave the cyclized products 10a-d, probably via the azomethine ylide (4) . In the presence of TBAF, the reactions with dimethyl fumarate and dimethyl maleate regioselectively yielded the uncyclized product 11 as a main product via the carbanion 2a, along with 4% and 14% yields of the cyclized products (10a and 10c, respectively). The spectral and physical data are given in Tables IV and V. These results indicate that the carbanion 2b plays an important role in the formation of 5a, 6a, b, 7a, b, 8, 9 , and 10a, c, whereas 2a gave the uncyclized product 11. This distinct selectivity may be rationalized in terms of steric hindrance in the formation of the C2-C3 bond and the relative stability of both anions, 2a and 2b. (5) (6) (7) (8) (9) (10) The generality of the regioselectivities in TBAF-and TMS-OTf-catalyzed 1,3-cycloaddition of 1 is supported by the observations that N-(benzylidene)trimethylsilylmethylamine (12) reacted with methyl acrylate in the presence of TMS-OTf to give the 2,3-disubstituted pyrrolidine (17a, b) regioselectively via the azomethine ylide (16),1c,n) and in the presence of TBAF to give the uncyclized products (14 and 15) after benzoylation, apparently via the intermediary carbanions (13a and 13b, respectively), as shown in Chart 4.
It should be noted that this TFAA or TMS-OTf-catalyzed 1,3-cycloaddition proceeds with high regioselectivity to give 2,2,3-trisubstituted pyrrolidine derivatives, which form the skeletons of some biologically active natural products, especially erythrinane alkaloids, and that TBAF-promoted 1,3-cycloaddition gives regioselectively 2,2,4-trisubstituted derivatives. In entries 9 and 11, the residue was purified by bulb-to-bulb distillation to give the main uncyclized product (11) along with very minor products (10a and 10c). These results are collected in Tables II and III in the cases of the cycloaddition of 1 with unsymmetrical and symmetrical dipolarophiles, respectively. The ratios of the isomers, shown in Tables II and III , were calculated on the basis of GLC or 1 H-NMR spectra of the crude products. The spectral and physical data are summarized in Tables IV  and V. Catalytic Hydrogenation of 8. Synthesis of 5a and 5b A solution of 8 (100 mg, 0.32 mmol) and 10% palladium-on-charcoal (50 mg) in methanol (20 ml) was stirred at room temperature for 16 h under a hydrogen atmosphere. After removal of the catalyst by filtration and subsequent evaporation of the solvent, the residue was subjected to TLC on silica gel using ether as an eluent to give 5a (48 mg, 45% yield) and 5b (15 mg, 14% yield), and then each of 5a and 5b was purified by recrystallization from IPE. The product ratio (5a/5b) was found to be 2/1 by spectral analysis of the crude product. 
